Background: Ischaemic colitis has been associated with co-morbid conditions, medications, vascular surgery and advanced age in case reports and case series. Few data exist on the baseline incidence in the general population or on the increased risk imposed by these risk factors. Aim: To systematically review the literature regarding the incidence, prevalence and risk factors for ischaemic colitis. Methods: Searches of bibliographic databases were performed independently by two investigators. Studies were included if they used population-based samples, disease-specific population samples or case-control population-based samples of adults with ischaemic colitis, and reported the incidence, prevalence or
INTRODUCTION
Ischaemic colitis is a vascular condition of inadequate blood flow in the colon which leads to colonic inflammation, and can produce significant morbidity and mortality. [1] [2] [3] It is typically, although not exclusively, seen in elderly patients, and it may be increasing in incidence as the population ages. Multiple anecdotal case reports and case series have described associations of ischaemic colitis with vascular surgery and vascular thromboembolism, [4] [5] [6] [7] co-morbid medical conditions [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and medications including vasoconstrictors, psychotropics, oral contraceptives, interferon-a and 5-hydroxytryptamine-1 (5-HT 1 ) agonists (triptans). [19] [20] [21] [22] [23] [24] [25] Transient ischaemic colitis was first reported as a clinical finding in the 1960s by Boley et al. 26 and
Marston et al. 27 It has since become a well-recognized clinical entity, with well-characterized endoscopic 28 and pathological 29 findings. Ischaemic colitis has recently become the subject of great controversy, as a new class of medications (5-HT 3 antagonists) has been associated with this condition, 30 leading to the initial withdrawal by the Food and Drug Administration, and later restoration, of alosetron to the market in the USA. From studies assessing the incidence of ischaemic colitis in patients with irritable bowel syndrome, with and without alosetron therapy, 30 , 31 a fundamental clinical question has been raised: 'how common is ischaemic colitis in the general population?' It was our objective to systematically review the literature on ischaemic colitis and to summarize the available data on the baseline incidence and prevalence of this disease; data on potential risk factors that predispose to ischaemic colitis were also examined. Determining the true incidence of ischaemic colitis poses some difficulty, as even vigilant clinicians with high-risk patients often miss the diagnosis. In two prospective series of patients, all of whom had endoscopy after aortic surgery, only half of those with colonic ischaemia confirmed by histopathology were clinically suspected to have ischaemic colitis by their surgeons. 32, 33 A strict definition of ischaemic colitis would require biopsy confirmation of each diagnosis, although, in clinical practice, the criteria used to make a diagnosis of ischaemic colitis are likely to vary. However, even when the diagnosis is clinically suspected, and then confirmed by endoscopy and biopsy, finding these cases in an administrative or medical record database depends on appropriate coding for this unusual diagnosis.
It is important to determine the true incidence of ischaemic colitis in the population in order to understand the scope of the clinical problem, and to evaluate the true effects of the many medications that have been associated with ischaemic colitis. Knowledge of the epidemiology of ischaemic colitis is relevant to primary care providers, gastroenterologists and health care policy makers. However, no previous report has systematically reviewed the published literature on the epidemiology of ischaemic colitis. Our purpose was to perform a systematic review of the published literature regarding the epidemiology of ischaemic colitis. Our specific study objectives were: (i) to determine the incidence and prevalence of ischaemic colitis; (ii) to determine the age, race and gender distribution of patients with ischaemic colitis; and (iii) to identify risk factors, such as medical co-morbidities, surgical procedures and medication use. This systematic review may also identify limitations of published research, allowing recommendations to be made for future research in this area.
MATERIALS AND METHODS

Literature search
A computer-assisted search using the OVID interface to MEDLINE, EMBASE and Current Contents was conducted to identify potentially relevant published papers. A search of the MEDLINE database from 1966 to the present was performed using the exploded (exp) medical subject heading (MeSH) terms (exp ischemic colitis OR ischemic colitis.mp OR colonic ischemia.mp) and (exp incidence OR exp prevalence OR exp epidemiology). An additional search for relevant titles was performed with the terms (ischemic colitis.ti OR colonic ischemia.ti) to ensure that any other relevant titles were not missed. We used both the terms 'ischemic colitis' and 'colonic ischemia' because they are used interchangeably in the medical literature; we use the term 'ischaemic colitis' throughout this article for consistency. The results were limited to human studies. An identical search of the biomedical and pharmaceutical EMBASE database from 1998 to Week 34 2003 was performed, and the results were limited to human studies. The Current Contents database from Week 27 1993 to Week 35 2003 was searched with the same criteria, but Current Contents is unable to limit to human studies. Manual searches of reference lists from potentially relevant papers were also performed to identify any additional studies that may have been missed using the computer-assisted strategy. Searches of abstracts from the last 5 years of annual meetings of the American College of Gastroenterology and American Gastroenterological Association and the last 4 years of meetings of the United European Gastroenterology Federation were performed to find potentially relevant data that have not yet been published. Prominent authors in the field and pharmaceutical companies with potential interest in the topic were contacted to enquire about any new data that were available, but not yet published.
Study selection criteria
Two investigators (P.D.R.H. and L.L.) independently reviewed the titles and abstracts of all citations identified by the literature search. Potentially relevant studies were retrieved and the selection criteria applied. The selection criteria were: (i) longitudinal studies of population-based samples of patients; (ii) adult patients; and (iii) results reported on the incidence, prevalence and demographics of, or risk factors for, ischaemic colitis. As there was an expectation that there might be very few articles that met these criteria, an option of expanded criteria was planned, if necessary, to include disease-specific population-based cohort studies, general or disease-specific population-based case-control studies and case series drawn from a defined catchment area with more than 100 cases.
Data extraction and data analysis
The eligible articles were reviewed in a duplicate, independent manner by two investigators (P.D.R.H. and L.L.). Agreement on the selection of studies was 100%. Data abstraction on pre-designed and pre-tested forms was also performed in a duplicate, independent fashion by the two investigators. Agreement between the investigators was greater than 97%, and disagreement in data extraction was resolved by consensus. For studies regarding the incidence of ischaemic colitis, the incidence, race distribution, gender distribution, age distribution and associated medical and surgical co-morbidities and medications were extracted, if available. For these incidence studies, data on the diagnostic definitions of ischaemic colitis, sample size and case ascertainment techniques (e.g. administrative data, chart review, prospective cohort follow-up and requirement for endoscopy or histopathology) were also extracted.
RESULTS
Characteristics of selected studies
Searching the MEDLINE database yielded 22 articles in the MeSH search and 470 articles in the titles search; the EMBASE database yielded 77 and 271 articles and the Current Contents database yielded 38 and 132 articles with the above-described searches. There were several articles found in more than one search, and a net total of 639 articles was found. A further 32 candidate studies were identified by reviewing the abstracts of recent gastroenterology annual meetings. The titles and abstracts of these 671 articles were reviewed by two authors (P.D.R.H. and L.L.). The literature search identified only two relevant population-based studies that met our initial criteria. 34, 35 Two additional studies that have not yet been published [large US health maintenance organization (HMO), General Practice Research Database (GPRD)] were obtained through personal communication. 36, 37 Because of this paucity of data, the option to broaden the criteria was activated. Four illness-specific studies 31, [35] [36] [37] and a case-control study that reported risk factors for ischaemic colitis in a general patient population 38 were identified. No case series of more than 100 cases from a defined catchment area was found. Only one of the selected studies has been published in full manuscript form, 31 while three have been published in abstract form. 34, 35, 38 Studies of incidence of ischaemic colitis in the general population
Four studies determined the incidence rates in the general population, and these are summarized in Table 1 . Loftus et al. studied all residents of Olmsted County, Minnesota, USA. 34 They did not report the total number of residents followed in the abstract, but 173 cases were reported between January 1, 1976 and December 31, 1998. The cases were considered to be definite if confirmatory histopathology was available, and probable if chart review of endoscopic or radiological findings was compatible with the diagnosis of ischaemic colitis. Amongst all the cases, 64% were female and the median age was 70.6 years. The incidence rates were adjusted for age and gender in a Poisson regression model, and were 6.1 per 100 000 person-years for definite cases and 9.9 per 100 000 person-years for all cases (definite and probable). Cole et al. evaluated 1% of the population of a large US national HMO. 35 The total number of subjects was not reported, but their records were reviewed from January 1995 to December 1999. Cases were defined on the basis of claims data for diagnoses, procedures and drugs, but specific diagnostic criteria were not reported. Findings were confirmed by chart review. The number of cases was reported as approximately 90% of 714. The percentage of females and the age and race distribution of the patients were not reported. The incidence rate was adjusted for age, gender and calendar year in a Poisson regression model. The adjusted incidence rates were 9 cases per 100 000 person-years for women and 5 cases per 100 000 person-years for men. A study of the large UK GPRD evaluated 430 574 individuals without physician-diagnosed chronic obstructive pulmonary disease (COPD) from January 1987 to December 2000, with an average of 5.4 years of follow-up data per patient. 36 These patients had been age-, gender-and practice-matched to 59 447 patients with physician-diagnosed COPD, leading to a group with older average age than a general population study. 
Studies of incidence of ischaemic colitis in specific diseases
Four studies looked in detail at the incidence of ischaemic colitis in specific diseases ( Candidate ischaemic colitis cases were considered if they had a diagnosis code (ICD9: 557) for vascular insufficiency of the intestine on the same day, or within 3 months, of colonoscopy or colectomy. Abstracted records were reviewed by a gastroenterologist and cases were considered to be positive for ischaemic colitis if the 'available clinical evidence was more substantially consonant with [ischaemic colitis] than any other diagnosis'. In this study, no cases of ischaemic colitis were identified in irritable bowel syndrome patients. The reported 95% CIs for the incidence of ischaemic colitis were 0 to 341 cases per 100 000 patient-years in patients not taking alosetron (n ¼ 2480), and 0 to 228 cases per 100 000 patient-years for alosetron users (n ¼ 3631). In the study by Cole et al. discussed above, a second arm evaluated the incidence in patients with irritable bowel syndrome, using the same US HMO data source and the same case definitions. 35 A total of 87 449 irritable bowel syndrome patients were evaluated from January 1995 to December 1999. The number of incident cases was reported as approximately 10% of 714. The incidence rates per 100 000 person-years were 46 for women and 30 for men in the first year after an irritable bowel syndrome diagnosis. After adjustment for age and gender in the Poisson regression model, the relative risk for ischaemic colitis in patients during the year following a diagnosis of irritable bowel syndrome was 3.1 (95% CI, 2.1-4.6). The UK GPRD study by Davis et al. evaluated patients with COPD in a second arm. 36 A cohort of 59 447
COPD patients was compared with 430 574 age-, gender-and practice-matched controls. Incident cases were defined by the first code for ischaemic colitis occurring after the initial diagnosis code for COPD. There were 17 incident cases over an average follow-up of 6.2 years. The incidence was 9.2 per 100 000 person-years (vs. 4.5 in the non-COPD cohort); the relative risk of ischaemic colitis in individuals with COPD was 2.16 (95% CI, 1.26-3.71). The majority of cases were female (59% in COPD and 61% in non-COPD) and elderly (mean age: 75.1 years in COPD and 73.5 years in non-COPD). The prevalence rate in COPD patients was 50.0 cases of ischaemic colitis per 100 000 patients (vs. 19.3 for non-COPD), creating a relative risk of 2.62 (95% CI, 1.72-3.97). The large US HMO study presented above also had a second arm, in which 15 849 patients over 40 years with COPD were evaluated as described above, and compared with age-and gender-matched controls. 37 The crude incidence rate was 157 per 100 000 personyears (95% CI, 107-223), with a relative risk of ischaemic colitis in patients with COPD of 3.88 (95% CI, 1.78-8.44). The analysis that required only 6 months of enrolment studied 32 301 individuals, and found a crude incidence rate of 117 cases per 100 000 person-years (95% CI, 86-155), with a relative risk of ischaemic colitis in patients with COPD of 4.28 (95% CI, 2.22-8.24).
Studies of risk factors for ischaemic colitis
Cole et al. reported a higher incidence of ischaemic colitis in women than in men in patients without irritable bowel syndrome (9 vs. 5 per 100 000 personyears) and with irritable bowel syndrome (46 vs. 30 per 100 000 person-years). 35 The large US HMO study presented incidence rates of ischaemic colitis by age strata and gender. 37 Women without COPD had an incidence of 44 cases per 100 000 person-years, whilst the incidence in men without COPD was 32 cases per 100 000 person-years. In the COPD population, the incidence rates for women and men were 157 and 98 per 100 000 person-years. In individuals without COPD, the incidence in the youngest age stratum (40-49 years) was zero, compared with 119 per 100 000 person-years for subjects ‡ 65 years. The incidences in the COPD population were 74 per 100 000 person-years for the 40-49-year age group and 373 per 100 000 person-years for those aged ‡ 65 years. In the Olmsted County study, Loftus et al. found that a later calendar year was associated with higher rates of ischaemic colitis. 34 Comparing 1994-1998 with 1976-1978, the incidence rates per 100 000 person-years were 12.3 and 3.3 for all cases, and 8.1 and 2.2 for definite (histopathologically proven) cases. This represents an increase of 3.73-fold for all cases and 3.68-fold for definite cases over 20 years.
A population-based case-control study of ischaemic colitis evaluating risk factors was reported by Bohn et al. 38 A large medical claims database was used to select 697 cases of ischaemic colitis (case definition not provided) occurring between 1995 and 1999; 6440 controls were randomly selected from the same health plans. A logistic regression model was used to adjust for age, gender, region and calendar time. The odds ratio for ischaemic colitis in irritable bowel syndrome patients vs. controls was 10.8 (95% CI, 7.1-16.3). The odds ratios for additional variables were reported, although without CIs. The largest odds ratios were almost seven for a diagnosis of non-specific colitis in the previous 6 months, seven for visiting a gastroenterologist in the previous 6 months, six for abdominal surgery in the previous month, and approximately two for constipating medications. Non-steroidal anti-inflammatory drugs had an odds ratio of approximately 0.5 (they were protective) for ischaemic colitis.
DISCUSSION
This systematic review of the epidemiology of ischaemic colitis found that relatively few studies have been performed on the subject. We found only four general population studies meeting our criteria -none of which had been published in full manuscript form. The incidence of ischaemic colitis in the general population in these studies ranged from 4.5 to 44 cases per 100 000 person-years. Three of the studies were relatively homogeneous in their estimates of the incidence, with a range of 4.5-9.9 per 100 000 person-years, whereas the large US HMO study reported estimates 5-10-fold higher than the other studies.
It is possible that the population in the large US HMO study, by being restricted to those over 40 years of age and age-matched to COPD patients (who are likely to be older than the general population and the irritable bowel syndrome population), has important differences in baseline risk compared with the populations in the other two US studies. However, the GPRD study, which was much larger and similarly restricted to agematched controls of COPD patients, also had an incidence of ischaemic colitis that was 10-fold lower than that observed in the large US HMO study. The GPRD study may have markedly underestimated the number of ischaemic colitis cases by depending only on those recorded by the general practitioner (possibly only identifying the most severe cases, as suggested by the fact that a large proportion of patients had their diagnosis made at the time of death). Furthermore, the GPRD study included patients from earlier years than the large US HMO study, and an earlier calendar year was reported to be associated with a lower incidence of ischaemic colitis by Loftus et al. 34 Alternatively, the large US HMO study may have overestimated the number of ischaemic colitis cases due to their use of diagnostic coding from an administrative claims database without substantiation of these diagnoses from medical records. The criteria for a diagnosis of ischaemic colitis also varied between studies. Loftus et al. used the strictest criteria for their 'definite' cases, requiring histological confirmation of ischaemic colitis. 34 They also had a category of 'probable' ischaemic colitis, in which other clinical findings, without histological evidence of ischaemic colitis, were sufficient for the diagnosis. It is important to note that just over one-third of cases are excluded by the requirement for histopathology, indicating that studies with this more stringent definition will have lower incidences than studies in which other clinical evidence (without histological examination) is used to diagnose ischaemic colitis. The more liberal definition may overstate the incidence as some of the cases without histopathology may not be ischaemic colitis, whereas the more stringent definition may understate the incidence because histological examination may not have been performed or may not have been diagnostic in some cases of true ischaemic colitis. We evaluated four studies that examined the effects of co-morbid diseases on the incidence of ischaemic colitis; only one of these studies had been published as a full manuscript. 31 Because it has been speculated that some drugs, such as those used to treat irritable bowel syndrome and COPD, may cause ischaemic colitis, it is worthwhile to determine whether there is any increase in the incidence of ischaemic colitis in patients with specific illnesses. Compared with the general population, the relative risk for ischaemic colitis in irritable bowel syndrome patients was increased approximately threefold, 35 whereas the increase in COPD patients was about two to four-fold. 36, 37 Thus, both irritable bowel syndrome and COPD appear to be associated with significant increases in the incidence of ischaemic colitis, as measured in retrospective studies of health care databases. Constipation is another co-morbidity that appears to be a risk factor for ischaemic colitis. Irritable bowel syndrome can be associated with significant constipation in patients with the constipation-predominant subtype. Multiple case series have described constipation as a risk factor for ischaemic colitis [16] [17] [18] and constipating medications were noted as a risk factor (two-fold increase) in Bohn et al.'s case-control study. 38 Constipation is believed to promote ischaemia by increasing intraluminal pressure and compressing the mucosal vessels. 39 The reasons for the association between ischaemic colitis and COPD are unclear. Most patients with COPD have a considerable lifetime exposure to cigarette smoking; hence they also experience an increased incidence of cardiovascular disease, which has been described as a risk factor for ischaemic colitis in a number of case series. 40 It is also possible that the hypoxaemia associated with the chronic pulmonary disease process could contribute more directly to ischaemic colitis. These mechanisms warrant further study. Age and female gender also seem to increase the risk of ischaemic colitis. For example, in subjects without COPD in the large US HMO study, the rate of ischaemic colitis increased from zero for individuals in their forties to 119 per 100 000 person-years in patients aged ‡ 65 years, and the rate for women was nearly double the rate for men (58 vs. 32 per 100 000 personyears). 37 Cole et al. also found an approximately 1.5-2-fold higher incidence of ischaemic colitis for women vs. men in the irritable bowel syndrome and non-irritable bowel syndrome populations. 35 However, statistical comparisons related to age or gender were not presented in any of the studies. The data on the incidence of ischaemic colitis found in the literature have several limitations. Most of the studies have not yet been published in full manuscript form. No data were available on race or ethnicity from studies conducted on health care data sources, and data on patient demographics or length of follow-up were not consistently reported. Many risk factors have been described in case series, but these were infrequently measured in the descriptive studies. Another important consideration is the aggressiveness of care givers in seeking this diagnosis with endoscopy. Prospective surgical studies suggest that ischaemic colitis is often unsuspected, even in high-risk patients after abdominal vascular surgery. 32, 33 More aggressive work-up and diagnosis over time may have contributed to the increased incidence seen in the 1990s in the study by Loftus et al., 34 and may have contributed to the differences observed between the incidence rates in the UK and US COPD studies.
Ideally, future studies of the incidence of ischaemic colitis should address all of these limitations. They should be population-based, with case ascertainment that includes medical record review. In addition, risk factors, including vascular disease, vascular surgery, co-morbid rheumatological diseases, predisposition to venous thromboembolism, constipation, irritable bowel syndrome, bowel obstruction and medications thought to confer risk, should be measured and reported. These studies would provide an accurate assessment of the incidence of ischaemic colitis in the general population, and would assess the importance of covariate risk factors. This level of information is critical for the assessment of whether the observed incidence of ischaemic colitis with new medications is truly increased from the observed baseline incidence in the study population. Another important aspect of the epidemiology of ischaemic colitis lies in its association with increasing age. As the population ages, there may be a significant increase in incidence and associated major morbidity and mortality from ischaemic colitis. It will become more important to identify patients at increased risk, as a high index of suspicion is needed to make this diagnosis. To be able to do this, we need to have better data on the baseline incidence at a given age, and on which additional patient characteristics and medications increase the risk. Although there is no current standard therapy for ischaemic colitis beyond supportive care, new research in this area raises the hope that this may change in the near future. [41] [42] [43] With this in mind, our review documents the need for renewed efforts towards well-designed research into the incidence and risk factors for ischaemic colitis. With the ageing of our population, clinicians and researchers should devote more resources to the previously neglected area of gastroenterological disease in the elderly.
